INTRODUCTION
The vestibulo-ocular reflex (VOR) ensures stable vision by directing the eyes contrary to the head during head movement [1] [2] [3] . The gain of VOR is 0.3-0.6 for lower frequencies and closer to 1 at higher frequencies (1) (2) (3) (4) (5) . Several laboratory tests have been developed to measure VOR, such as the caloric and rotating chair tests. However, these tests are limited to lower frequency ranges and cannot simulate vestibular stimulation during the 5-to 8-Hz head movement that occurs in daily life. The head impulse test (HIT), a relatively new addition to the vestibular test battery, is a simple and reliable test to assess semicircular canal function during high-velocity head motion [4] . In the HIT, the patient is instructed to fixate on a target on the wall while the clinician turns the patient's head abruptly in the direction of the ear being tested. When vestibular function is normal, eye movements compensate for the head turn, and the patient can maintain a stable gaze on the target. However, when vestibular function is defective, the eyes move with the head, and compensatory saccades occur at the end of the head impulse to restore gaze to the target.
Because the compensatory saccades that occur during HITs when ears have a VOR defect are not always visible to the naked eye, video-HIT (vHIT) was developed to provide higher sensitivity to detect covert saccades [5] [6] [7] [8] [9] . The original vHIT test, now referred to as the HIT paradigm (HIMP), is a valuable method to detect vestibular hypofunction in patients with various peripheral diseases [7, [9] [10] [11] .
MacDougall et al. [12] developed a new test protocol for the vHIT called the suppression head impulse paradigm (SHIMP).
The difference between the SHIMP and the HIMP is that in the latter, a laser dot target is projected from a head-mounted laser source, and the patient is instructed to follow the target as it moves on the wall while the clinician delivers a short, abrupt head impulse. In healthy ears, the VOR drives the eyes in the direction opposite to the direction of head movement during the early phase (first 80 msec), so the patient makes an anticompensatory saccade in the direction of head movement to regain gaze on the target. If the VOR is defective, the eye will follow the laser target during head movement, and there is no need for anticompensatory saccades. To summarize, in healthy ears, the HIMP shows minor compensatory saccades, whereas the SHIMP shows large anticompensatory saccades. In ears with a defective VOR, compensatory saccades occur on the HIMP, and anticompensatory saccades are absent on the SHIMP.
The existence of these 2 vHIT protocols provides a unique opportunity to evaluate vestibular function, as both utilize the VOR, and yet one determines deficiencies, and the other, residual function. There is limited information about the correlation between HIM and SHIMP. One study compared the HIMP and SHIMP in 5 patients with unilateral vestibular loss and 5 patients with bilateral loss, and showed that the presence/absence of the compensatory and anticompensatory saccades was complementary [12] . Another study included normal subjects, patients with acute vestibular loss after vestibular schwannoma surgery, and patients with chronic vestibular loss and no caloric response [13] . However, whether the HIMP and SHIMP tests are complementary under variation in vestibular function, as vestibular functional status is a continuum ranging from absent to a fully intact is not yet known. Our study evaluated the effectiveness of SHIMP by comparing the results of HIMP and SHIMP within the same subjects and examined the correlation between the results of the 2 tests. 
MATERIALS AND METHODS

Test Protocols
The HIMP and SHIMP tests were performed by a single experienced technician using a vHIT system for acquisition and analysis of the eye and head movements (ICS impulse ver. 1.0 and OTOsuite vestibular software, GN Otometrics, Taastrup, Representative recordings of the conventional head impulse test paradigm (HIMP) and suppression head impulse test paradigm (SHIMP). In the HIMP protocol, compensatory saccades are absent in a healthy subject (A), but present in a patient with impaired vestibulo-ocular reflex (VOR) (B). In the SHIMP protocol, anticompensatory saccades are present in a healthy subject (C), but decreased in a patient with impaired VOR (D). Denmark). In the HIMP protocol, the subjects were instructed to track a static target at a distance of 1 m in front of them while head impulses were manually delivered by a technician standing behind the subject. The head impulses were repeated at least 10 times toward each side in an unpredictable order, with movement of 5°-10° and peak head velocity of 150-250°/sec. In the SHIMP protocol, the same procedures were followed as in the HIMP protocol, except that the patient was instructed to fixate on a laser dot projected from a headmounted source and to follow the target as it moved on the wall while the head impulses were delivered. Fig. 1 shows typical recordings in the HIMP and SHIMP tests. In the HIMP test, the eye movement recordings show only few compen-satory saccades in a healthy subject, while they are prominent in a patient with impaired VOR. On the other hand, anticompensatory saccades which are present in a healthy subject are decreased in a patient with imparied VOR. The VOR gain was calculated by comparing the range of head movement with the range of eye movement by measuring the velocity of the head and eye movements over time [7, 9] . The overt and covert compensatory saccades during the HIMP and anticompensatory saccades during the SHIMP test were recorded and analyzed [9, 12, 14] . The mean percentage of saccade responses and the mean amplitude and latency of the saccades were calculated for all head impulses for each individual. 
Statistical Analysis
Statistics were performed using SAS ver. 9.2 (SAS, Inc., and covert saccades were present in 78 ears (55.71%) ( Table 1 ).
The saccade amplitudes and latencies are described for reference only; they are not useful for direct comparison because the compensatory saccades and anticompensatory saccades are not direct correlates of each other.
The VOR gain was compared between the HIMP and SHIMP protocols ( Table 2) , and the results for all 140 ears in which both tests were performed were plotted ( Fig. 2A) .
A significant positive correlation was found between VOR gain with the HIMP and that with the SHIMP test (correlation coefficient=0.8356, p＜0.001). Cutoff values for VOR gain ≥ 0.8 on the HIMP and VOR gain ≥0.7 on the SHIMP pro- (Fig. 2B ).
Next, we analyzed the correlation between the saccade parameters in the HIMP and those in the SHIMP protocol. In ears with a defective VOR, compensatory saccades appear in the HIMP, and anticompensatory saccades are reduced in the SHIMP. We hypothesized that the percentage of saccades of the total head impulses observed would be inversely correlated between the HIMP and SHIMP. However, the correlation between the HIMP and SHIMP tests was not significant (r= -0.0313, p=0.7135). Another parameter considered was the amplitude of compensatory saccades in the HIMP and anticompensatory saccades in the HIMP, which were hypothesized to be inversely correlated. However, this correlation was also not statistically significant (r=-0.2054, p=0.0624).
DISCUSSION
Since the 2 HIT test protocols were designed to assess loss of vestibular function or residual vestibular function by measuring the VOR, we hypothesized that the HIMP and SHIMP would complement each other and that their results would be compatible. Indeed, the HIMP and SHIMP showed very high agreement in determining normal and abnormal sides, with a Kappa value of 0.79, and VOR gain was significantly correlated between the 2 tests. The SHIMP test showed slightly lower VOR gain than did the HIMP test, consistent with a previous report [12] . The VOR is mainly used to stabilize the gaze during abrupt head rotation, and it must be suppressed to change the direction of the gaze during head movement [16, 17] . As the SHIMP test requires that the patient follow a moving target created by a laser fixed to the head, this suppression might account for some of the differences in VOR gain. In addition to VOR gain, several parameters can be calculated from either compensatory saccades on the HIMP in ears with a vestibular function deficit or anticompensatory saccades on the SHIMP in ears with intact vestibular function.
The velocity of anticompensatory saccades on the SHIMP has been suggested as a new residual vestibular function parameter [13] . However, our results showed no significant correlation between HIMP and SHIMP in either the presence of saccades or their amplitudes. A possible explanation is interference by covert saccades: the presence of a covert saccade may reduce the correlation by reducing the amplitude of subsequent overt saccades. Also, corrective eye movements may be split into 2 or more catch-up saccades, further complicating a direct comparison of saccade amplitudes among patients [18] . Several factors related to test procedures are also important considerations when analyzing VOR gain and saccades [12, 19] .
Care must be taken to avoid overshooting or "bouncing" at the end of the head impulse, as well as goggle slippage.
Furthermore, if the direction of movement or the interval between movements can be predicted, the patient may make anticipatory saccades in the direction of head rotation, further complicating analysis of the saccade.
Given its recent introduction as a novel strategy for vHIT testing, the SHIMP is only beginning to be used in clinics as part of the vestibular test battery [12, 13] . The saccade amplitudes of anticompensatory saccades in the SHIMP are generally larger than those of compensatory saccades in the HIMP, so it might be expected that it will be easier to detect changes in anticompensatory saccades and thereby detect an abnormal VOR, with the SHIMP. A possible explanation for our results is that the appearance of compensatory saccades in the HIMP is not always straightforward [20, 21] . Moreover, some studies using either the search coil HIT or the HIMP protocol of the vHIT failed to find a significant association between prolonged vestibular neuritis symptoms and the VOR during high-velocity head movement [22, 23] . The question as to whether the SHIMP paradigm is more sensitive in detecting subtle differences in residual function compared to the conventional HIMP remains unanswered, so further studies are warranted. If so the SHIMP is more sensitive, then the ability to identify residual vestibular function in patients with chronic symptoms will provide crucial information to prescribe appropriate customized vestibular rehabilitation methods. To our knowledge, this is the first study to compare results of the HIMP and SHIMP in the same ears of patients with various vestibular disorders. As the new SHIMP protocol is being employed in more vestibular clinics, future studies that include a larger patient population are needed to demonstrate possible advantages and disadvantages of the SHIMP compared to the HIMP.
In summary, VOR gain measured by the HIMP and that by the SHIMP were correlated, but the appearance of the compensatory saccades in the HIMP and the decrease in anticompensatory saccades in the SHIMP test were not correlated.
The 2 test protocols can be complementary methods for a comprehensive evaluation of residual vestibular function. However, care should be taken when clinically interpreting either protocol.
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